One of the goals of the neuromotor control system is to minimize the cost of locomotion by reducing mechanical energy losses. Collisional mechanics, which studies the redirection of the downwards motion of the center of mass (COM) by ground reaction forces (GRF) generated by the limbs, represents an important source of energy loss. The primary objective of this study was to compare collisional mechanics and the associated mechanical energy losses in horses performing diagonally-synchronized gaits over a range of speeds. It is to be expected that collisional energy losses will be high when the COM velocity vector is closely aligned with the GRF vector. This condition is achieved in piaffe, an artificial gait performed in dressage competitions that has a diagonal limb coordination pattern similar to trot but performed with little or no forward velocity. Therefore, we hypothesized that collisional energy losses would be higher in piaffe than in trot.
49 forth, alternating between stance and swing phases. During their stance phases the feet press 50 against the ground to develop ground reaction forces (GRF) that control movements of the COM 51 (Hobbs & Clayton, 2013) . The mechanical work is broadly divided into internal work used to 52 swing the limbs relative to the body and external work used to move the body, represented by the 53 COM, relative to the environment (Minetti et al., 1999) . Movements of the limbs and body are 54 driven by muscular contractions that are fueled by the conversion of chemical energy into 55 mechanical energy. There is benefit to minimising energy expenditure for a given movement and 56 conversions between different types of mechanical energy fulfil this function (Cavagna Heglund 57 & Taylor, 1977) . The mechanisms of inverted pendulum and spring mass mechanics are based 58 on exchanges between potential energy (E p ), kinetic energy (E k ) and elastic energy which are all Manuscript to be reviewed 283 During trotting E k and E p are largely in phase and so energy is conserved through elastic strain 284 energy storage in the spring elements of the limbs and trunk (Cavagna, Heglund & Taylor, 285 1977) . Any energy lost to the system, such as the losses during each collision must be replaced 286 by muscle work (Biewener, 2006) . In piaffe, energy exchange is expected to be largely between 287 vertical E k , E p and strain energy. Piaffe steps are slower than trotting steps (Holmström, 288 Fredricson & Drevemo, 1995; Clayton, 1997) , the shoulder and hock joints are continually more 289 flexed during the stance phase than in other diagonal gaits, and the fore and hind fetlock joints 296 Similar to piaffe, humans hopping on the spot maintain flexion of the limb joints, which 297 increases limb compliance and allows for greater energy storage if the hopping frequency is low 298 (Blickhan, 1989 ). In addition, most of the limb muscle work is isometric so changes in limb 299 length are mainly taken up by lengthening of the tendons (Blickhan, 1989) . Our results illustrate 300 that COM vertical excursion is strongly affected by limb length changes, which suggests that 301 tendon lengthening and strain energy storage is a feature of piaffe, similar to hopping. This may 302 be more important in the hindlimb, as limb compliance is greater due to the greater change in 
